Objective. To operationalize constructs from each of the Consolidated Framework for Implementation Research domains and to present psychometric properties within the context of evidence-based approaches for promoting colorectal cancer screening in federally qualified health centers (FQHCs). Methods. Data were collected from FQHC clinics across seven states. A web-based Staff Survey and a Clinic Characteristics Survey were completed by staff and leaders (n = 277) from 59 FQHCs. Results. Internal reliability of scales was adequate ranging from 0.62 for compatibility to 0.88 for other personal attributes (openness). Intraclass correlations for the scales indicated that 2.4 percent to 20.9 percent of the variance in scale scores occurs within clinics. Discriminant validity was adequate at the clinic level, with all correlations less than 0.75. Convergent validity was more difficult to assess given lack of hypothesized associations between factors expected to predict implementation. Conclusions. Our results move the field forward by describing initial psychometric properties of constructs across CFIR domains. Key Words. Implementation science, cancer, organizational theory, safety net providers, primary care
. One in particular, the Consolidated Framework for Implementation Research (CFIR), attempts to synthesize constructs across existing theories into a typology that can advance our understanding of implementation across a range of settings and types of interventions (Damschroder et al. 2009 ). The CFIR identifies 39 constructs and subconstructs within five major domains: Intervention Characteristics (e.g., relative advantage), Outer Setting (e.g., external policies and incentives), Inner Setting (e.g., implementation climate, readiness for implementation), characteristics of the individuals involved (e.g., beliefs about the intervention), and the Process Of Implementation (e.g., reflecting and evaluating). Its comprehensiveness, while likely capturing the complexity of the Implementation Process, also makes it challenging to use. Indeed, the authors encourage researchers to assess each construct for salience in any given study, acknowledging that attempts to use the full model would "quickly mire evaluations" given the large number of constructs (Damschroder et al. 2009 ). While parsimony has appeal from a methodologic perspective, reality is complex and studies that explore relationships between CFIR constructs can lead to a better understanding of the framework and better guidance for its application.
Much of the prior research using CFIR has been qualitative or mixed methods (Robins et al. 2013; Forman et al. 2014; Gould et al. 2014; Kalkan et al. 2014; Luck et al. 2014; Ramsey et al. 2014; Kirk et al. 2016; Liang et al. 2016 ). Relatively few researchers have used CFIR quantitatively, particularly in a comprehensive way that identifies factors within each of the five domains (Acosta et al. 2013; Kirk et al. 2016) . More commonly, studies focus on a single CFIR domain (Midboe et al. 2011; Ditty et al. 2014; Kirk et al. 2016 ). An important next step in this line of research is to examine the influence of CFIR domains and constructs in a more comprehensive fashion. Moving the field in this direction requires development of a set of parsimonious, yet reliable and valid measures.
The Cancer Prevention and Control Research Network (CPCRN) is a national network of academic, public health, and community partners who work together to reduce the burden of cancer through dissemination and implementation research (Fernandez et al. 2014; Ribisl et al. 2017) . Members have expertise in cancer prevention and control, behavioral and social sciences in public health, and implementation science. The CPCRN developed a federally qualified health center (FQHC) work group to describe and identify factors that influenced implementation of evidence-based approaches to promoting colorectal cancer screening in FQHCs. FQHCs serve as the safety net of primary care for vulnerable populations in the United States (Health Resources and Services Administration, 2014). Measuring theory-informed factors that may influence implementation of evidence-based approaches to CRC screening such as client reminders and provider assessment and feedback has the potential to inform efforts to increase CRC screening rates among the high-risk populations served by FQHCs (Sabatino et al. 2012) .
A parsimonious and psychometrically sound set of measures informed by CFIR could be useful during three phases of the Implementation Process: (1) in the formative or planning phase such measures could pinpoint aspects of the implementation context that could be strengthened to increase the likelihood of successful implementation, (2) during initial implementation such measures could identify barriers and challenges that could be addressed to improve implementation quality, and (3) such measures could be used during a maintenance phase to ensure continued quality implementation and improvement. Additionally, such measures could inform future change efforts by helping to explain why implementation went well or did not. The purpose of this study was to describe how we operationalized selected constructs from CFIR domains and to present the psychometric properties of these measures within the context of implementing evidence-based approaches for promoting CRC screening in FQHCs. The research reported here was conducted by the CPCRN FQHC work group and is one of the first studies to quantitatively operationalize selected CFIR constructs from all five domains as an initial step in identifying factors that influence implementation of evidence-based interventions.
METHODS

Measure Development
Our first step in developing measures was to select priority CFIR constructs. We employed three principles to guide the selection process: (1) operationalize at least one construct from each of the five domains of CFIR, (2) keep the measures brief enough to be used in busy practice settings, and (3) consider constructs that assessed modifiable factors that were of relevance to FQHCs. We selected 16 of 39 CFIR constructs and subconstructs (see Table 1 ) through a series of in-person and telephone discussions among work group members, all with expertise in implementation science and/or cancer prevention and control.
Our second step was to select and adapt measures. Each participating CPCRN center took the lead in identifying candidate measures for a domain and/or multiple constructs and then we reviewed them collectively for face validity (i.e., subjective assessment of whether items appear to measure the concept they purport to measure), discussing whether the candidate items seemed to align with the constructs as defined in the seminal CFIR paper (Damschroder et al. 2009 ). We drew heavily from a survey that included the Practice Adaptive Reserve (PAR) Scale ( Jaen et al. 2010; Nutting et al. 2010 ) that had been fielded to better understand organizational capacity to implement an evidence-based intervention for cancer screening among Asian/ Pacific Islanders (Sohng et al. 2013) . First, we identified items with face validity that matched CFIR construct definitions. For constructs that did not have well-matched items, we conducted literature searches to identify relevant measures by going through the reference list of the seminal CFIR publication and searching electronic databases for peer-reviewed articles published after 2001. We then achieved consensus through extensive discussions within the work group to select items for each construct that fit the CFIR definitions (i.e., face validity), had been used in health-related settings and were relevant to FQHC practice, and had evidence of reliability and validity. We also asked leaders from individual FQHCs and state Primary Care Associations to review measures for face validity, importance, and changeability within the FQHC context.
In describing how to use CFIR, Damschroder and colleagues (Damschroder et al. 2009 ) discuss the level at which each construct should be measured. In our study, this meant considering whether constructs should be assessed at the individual or the clinic level. We addressed this, in part, by 
IV. Characteristics Of Individuals Knowledge and beliefs about the intervention* Individuals' attitudes toward and value placed on the intervention as well as familiarity with facts, truths, and principles related to the intervention. Operationalized as "Appeal of the intervention" 3
Appeal:
The <EBA> "made sense" to me.
<EBA> were being used by colleagues who were happy with it.
I felt I had enough training to use <EBA> correctly.
Aarons (2004, 2005) Other personal attributes We use data to guide our clinic (e.g., performance reviews, assessments).
Jaen et al. (2010), Sohng et al. (2013) Goals and feedback* The degree to which goals are clearly communicated, acted upon, and fed back to staff and alignment of that feedback with goals. (Sabatino et al. 2012) . Because a number of the CFIR constructs are specific to the particular intervention being implemented, when a respondent indicated that multiple evidence-based approaches were being implemented at their site, we populated the intervention-specific items using an algorithm that prioritized provider prompts first, followed by client reminders. Table 1 indicates where a particular item was general or specific to an evidence-based strategy.
Description of the Measures
The final CFIR measures consisted of 69 items operationalizing 16 constructs and subconstructs of CFIR (see Table 1 ). Table 1 defines our selected constructs by domain, lists the items, indicates whether they were tailored to a specific intervention, and identifies the original source for each measure. Each is described briefly below. The first CFIR domain is Intervention Characteristics. Interventions typically need to be adapted to fit within the context of a specific organization (Damschroder et al. 2009 ). CFIR identifies eight constructs within this domain and we assessed two of these: relative advantage using one item from Scott et al. (2008) . and complexity using four items from Pankratz, Hallfors, and Cho (2002) . In CFIR, compatibility is listed under implementation climate. We chose to include compatibility as part of Intervention Characteristics given its history as a dimension of the intervention in the classical conceptualization in Roger's Diffusion of Innovations (Rogers 2003) . Our measure used two items from a longer scale by Pankratz and colleagues that combined compatibility with relative advantage (Pankratz, Hallfors, and Cho 2002) .
The second CFIR domain is Outer Setting. The Outer Setting can both facilitate implementation and create challenges (Damschroder et al. 2009 ). We assessed external policies and incentives through five items adapted from an index developed by Simon, Rundall, and Shortell (2007) . We split the index into two measures, one for reporting requirements and one for recognition. We assessed patient needs and resources through five items adapted from McMenamin et al. (2010) . We did not assess cosmopolitanism or peer pressure. The third and most complex CFIR domain is Inner Setting, comprising five constructs and nine subconstructs. We used 38 items from the Practice Adaptive Reserve Scale ( Jaen et al. 2010; Nutting et al. 2010 ) supplemented with items from Helfrich et al. (2009) , Lehman, Greener and Simpson (2002) and Weiner et al. (2011) . to create an Inner Setting construct that covered available resources, culture including stress and effort, implementation climate, learning climate, and readiness for implementation (Fernandez et al. 2018 ). For the current analyses, we constructed a second order factor which we labeled Inner Setting and which we use here for parsimony given our objective of including measures from each of the five CFIR domains and to aid in examination of construct validity.
The fourth domain is Characteristics Of Individuals, with five constructs. We assessed knowledge and beliefs about the intervention operationalized as appeal of the intervention. We also assessed openness toward new interventions as an other personal attribute. We did not assess self-efficacy, stage of change, or identification with the organization. We used three items adapted from Aarons (2004 Aarons ( , 2005 Evidence Based Practice Attitudes Scale (EBPAS) to assess appeal and three items to assess openness to innovation. The EBPAS was developed to assess mental health care providers' attitudes toward the implementation of EBAs. The original scale comprised four subscales including intuitive appeal of the EBA, openness to new practices, willingness to adopt new practices, and perceived divergence between usual practice and research-based practice.
The fifth CFIR domain is the Process Of Implementation, which is conceptualized as four steps: planning, engaging, executing, and reflecting and evaluating. Engaging includes four subconstructs and we assessed one of these subconstructs: engaging champions with three items for which we constructed an item with good face validity and modified two additional items from Damschroder et al. (2009 Damschroder et al. ( , 2011 . for the FQHC environment. We created a single item with good face validity to assess the executing construct. Two items were modified from the Practice Adaptive Reserve Scale to gauge reflecting and evaluating ( Jaen et al. 2010; Sohng et al. 2013 ). Finally, two items based on Helfrich and colleagues' context-related subscale examining goal setting and tracking and communicating performance were used to assess the degree to which goals were clearly communicated, acted upon, and relayed back to staff and alignment of that feedback with goals (Helfrich et al. 2009 ). The latter, goals and feedback, is an Inner Setting variable according to CFIR, but we moved it to this domain as the items were process oriented.
All but two of the CFIR constructs were measured via the Staff Survey answered by up to 10 clinical staff in different roles from each FQHC clinic. Two Outer Setting constructs, both related to external policies and incentives (i.e., reporting requirements and external rewards and recognition), were measured only via the Clinic Characteristics Survey answered by a leader from each FQHC clinic. The Clinic Characteristics Survey also assessed general characteristics of the FQHC, such as number of patients and use of electronic health records.
Data Collection Procedures
Recruitment. CPCRN centers from seven states (CA, CO, GA, MO, SC, TX, and WA) recruited FQHC clinics to participate using two strategies: (1) partnering with the state's Primary Care Associations (PCAs) to email member FQHCs to encourage them to participate in this study and (2) inviting individual FQHCs directly through emails, telephones calls, or in-person meetings. Three centers (GA, TX, and CO) used both strategies; two (WA and SC) used only the first strategy and two (CA and MO) used only the second strategy. One PCA (SC) also directly recruited participants at a meeting of community health center staff members. Once a FQHC clinic agreed to participate, an individual (usually a member of the management team) from each clinic was designated as the main contact. The main contact sent out an introductory email with a link to the online survey to eligible staff members encouraging their participation.
Sample. One individual representing the clinic, typically a Chief Executive Officer or Medical Director, responded to the Clinic Characteristics Survey. A maximum of 10 staff from each clinic were allowed to complete the Staff Survey, with a limit of three providers (physicians, nurse practitioners, and physician assistants), three nurses or quality improvement staff, and four medical assistants. In all states except WA and CO, only one clinic per FQHC system participated in the survey. Coordinating Center and the participating centers (Fernandez et al. 2018) . The surveys were programmed into an online survey administration system, Qualtrics.
Data Analyses
Only clinics that responded to both the Clinic Characteristics Survey and the Staff Survey were included in the analyses reported here. We used confirmatory factor analysis (CFA) to assess measures of CFIR constructs with more than three items: complexity and patient needs and resources. Because clinic staff were nested within FQHC clinics, we used Mplus (Muth en and Muth en 2012) to estimate the models accounting for the nested data structure. In each CFA model, items were forced to load on a single factor and, when necessary, post hoc modifications were made to improve model fit (e.g., allowing covariance between certain items). We used the following fit indices and rules of thumb to determine individual CFA model fit: the comparative fit index (CFI) and the Tucker-Lewis index (TLI) as incremental fit indices, equal to or greater than 0.90; the standardized root mean square residual (SRMR) as an index of absolute fit, equal to or less than 0.08; and the root mean square error of approximation (RMSEA) as a parsimony-corrected fit index, equal to or less than 0.08 (Schreiber et al. 2006 ). We then computed Cronbach's alpha for these constructs to assess interitem consistency. For constructs with only two items, we computed Spearman-Brown reliability estimates for 2-item scales as recommended by Eisinga, Grotenhuis, and Pelzer (2013) . To determine whether constructs were appropriately analyzed at the individual or clinic level, we computed ICC(1), ICC(2), and r WG( J) statistics for clinics with two or more respondents to the Staff Survey (Klein and Kozlowski 2000a,b; Lance, Butts, and Michels 2006) .
We assessed construct validity by examining correlations between constructs at the clinic level, and to the extent possible, assessing whether associations fit the predicted pattern (Furr and Bacharach 2013) . Convergent validity was assessed by examining whether factors expected to correlate with one another actually did, and discriminant validity was documented by confirming that theoretically distinct constructs were not correlated too highly. SAS 9.3 was used for these and other descriptive analyses. Notes. *Covariance was allowed between some items. † Inner Setting is a 2nd order factor that consists of five constructs: available resources, implementation climate, culture, leadership, learning climate. ‡ Response options include: strongly disagree = 1, disagree = 2, neither agree nor disagree = 3, agree = 4, strongly agree = 5.
Structural Validity
Table 3 also shows the results of separate CFAs for three of the constructs. Complexity and patient needs and resources each achieved good model fit, as assessed by CFI, TLI, SRMR, and RMSEA fit statistics. Covariance between two items was allowed for complexity to increase model fit. The second order factor, which attempted to combine five Inner Setting constructs into one measure, did not fit well, with both CFI and TLI <.90.
Reliability
As shown in Table 4 , interitem consistency was good for all five measures with three or more items (complexity: .72; patient needs and resources: .86; individual knowledge and belief: .75; engaging champions: .84; openness: .88). For constructs with only two items (compatibility, reflecting and evaluating, goals and feedback), Spearman-Brown coefficients ranged from 0.60 to 0.70. The constructs assessed through the Clinic Characteristics Survey (n = 59), reporting requirements and recognition, also demonstrated acceptable reliability (alpha = 0.69; Spearman-Brown coefficient = 0.64).
Inter-Rater Reliability and Agreement
Inter-rater reliability and inter-rater agreement statistics were calculated to assess whether computing clinic-level means from the individual-level data was appropriate, and if so, for which constructs. Results are presented in Table 4 . The ICC(1) values for most constructs are above 0.10 and significant, with the exception of the three Intervention Characteristic constructs and openness to innovation (Klein and Kozlowski 2000b; Furr and Bacharach 2013) . In contrast, the ICC(2) values are generally below .70 suggesting the group scores may not be reliable, most likely due to relatively small numbers of respondents per clinic by design. The r WG( J) indexes are all above 0.70 except reflecting and evaluating (r WG( J) = 0.693), which indicates relatively high degree of agreement among individual raters (Klein and Kozlowski 2000b) .
Construct Validity
Discriminant validity for all of the constructs is evident in Table 5 which shows correlations among CFIR constructs at the clinic level (individual-level correlations are available from the first author). None of the correlations exceed .75. Our assessment of convergent validity should be considered exploratory given that we did not hypothesize expected relationships between constructs a priori nor is CFIR explicit about these relationships. Table 5 shows modest correlations among a large number of constructs both within and across domains. Notable exceptions include complexity, reporting requirements, and openness with one or no significant correlations.
DISCUSSION
This paper describes psychometric properties of measures within each domain of the CFIR within the context of FQHCs and colorectal cancer screening. Discriminant validity was good for all of the measures, and internal consistency was adequate for most. CFA documented reasonable structural validity for complexity and patient needs and resources, but not for the global measure of Inner Setting. Convergent validity was more challenging to assess given that CFIR does not specify hypothesized relationships between constructs other than that they are expected to predict implementation. Therefore, our construct validity findings should be considered exploratory. We also examined ICCs to help inform the appropriate level of analysis in future studies. Results were most consistent within the process domain suggesting these constructs should be measured at the clinic level. Table S1 summarizes psychometric testing of measures in our study relative to the analyses and results reported by the original source. A closer examination of each of the CFIR domains offers some useful insights for future measurement work, including convergent and predictive validity. We assessed three constructs related to Intervention Characteristics: relative advantage, compatibility, and complexity. All three have been studied extensively within the context of Diffusion of Innovations (Rogers 2003) . Our relative advantage measure, assessed with one item, was correlated with constructs within each of the other domains except for Outer Setting, perhaps because the Outer Setting constructs assessed were assessing a more general construct and not referencing a specific EBA. In addition to documenting that relative advantage predicted adoption in the study from which we obtained the measure, Scott et al. (2008) noted correlations between relative advantage and other measures of Intervention Characteristics, including compatibility and complexity. We observed a significant correlation with the former but not the latter.
Our complexity measure, comprised of four items similar to the original measure, had good reliability and structural validity (Pankratz, Hallfors, and Cho 2002) . In the original study, complexity predicted adoption and specific items were correlated with items assessing relative advantage/compatibility (a combined measure) and observability (Pankratz, Hallfors, and Cho 2002) . Interestingly, our measure of complexity was not associated with any of the other CFIR domains. In contrast, compatibility was significantly correlated with all of the other CFIR constructs except for external policies and incentives.
We assessed two constructs from the Outer Setting domain: external policies and incentives and patient needs and resources. In theory, these should both be clinic-level constructs because clinics are often required to engage in certain best practices and receive recognition as an entity. As such, we measured them through the Clinic Characteristics Survey. One might speculate that external policies and incentives would increase the appeal of an intervention. We found that reporting requirements were not related to any of the other CFIR measures and that recognition was significantly correlated with appeal. The original study by Simon, Rundall, and Shortell (2007) found external incentives to predict adoption, but did not examine associations with other predictors.
We assessed patient needs and resources with a patient-centeredness index that had been used by McMenamin et al. (2010) . The items ask about the clinic and clinic staff in general and how responsive they are to patient needs. The items had good structural validity in our study. The intraclass correlations suggested good agreement among clinic staff when asked about responsiveness to patient needs. Significant correlations were observed between clinic-level report of responsiveness to patient needs and constructs within each of the CFIR domains. This finding is consistent with a recently published systematic review of measures affecting implementation outcomes (Chaudoir, Dugan, and Barr 2013) .
To facilitate an examination of all five of the CFIR domains, the Inner Setting measure in this study was conceptualized as one overarching construct. Internal consistency was high, and two of the indicators of intraclass correlation and inter-rater reliability suggested the appropriateness of aggregating measures to the clinic level. CFA suggested it may not be appropriate to combine as many constructs as we attempted to combine here. Indeed, a complementary analysis of constructs within the Inner Setting domain yielded better psychometric results (Fernandez et al. 2018) . Nevertheless, the correlations of the Inner Setting construct with constructs in each of the other domains may serve as the basis for hypothesizing causal relationships that can be tested in future studies. The Inner Setting was associated with the patient needs and resources construct and with all of the constructs but one in the process domain. Prior studies have similarly documented an association between the Inner Setting domain and other CFIR domains and constructs (Alexander and Hearld 2011; English et al. 2011; Acosta et al. 2013 ). Damschroder notes that "the line between inner and Outer Setting is not always clear" and depends on the context of the implementation. This ambiguity may partially explain the correlations observed between constructs in our study. Nevertheless, we observed good discriminant validity between constructs providing evidence that although related, they are distinct. Because of the importance of the Inner Setting and its relationship with implementation outcomes (Novins et al. 2013; Beidas et al. 2014; Ditty et al. 2014) , it is a key construct to understand, measure, and consider when conducting implementation studies. We assessed two constructs from the Individual Characteristics domain: knowledge and beliefs about the intervention, operationalized as appeal, and other personal attributes, which we limited to openness to innovation. Our measures, adapted from Aaron's EBPAS (Aarons 2004) , had relatively high internal consistency. Our psychometric analyses confirmed the internal reliability of two subscales within the EBPAS, which has been tested with mental health professionals (Aarons et al. 2010) as well as physicians (Melas et al. 2012) . We observed good discriminant validity for this operationalization of appeal and openness. Interestingly, the two constructs were not associated with one another. This was surprising given the source of the items and that Aarons has found a strong positive association between the openness and appeal subscales of the EBPAS (Aarons 2004) . Prior studies using the EBPAS had found little variance attributable to cluster membership (e.g., mental health practice or hospital) (Aarons 2004; Aarons et al. 2010; Melas et al. 2012) . In contrast, we found significant variance due to the clinic level for appeal, although not for openness.
Of our four Implementation Process measures, internal consistency was high for engaging champions, and moderate for reflecting and evaluating, and goals and feedback. All four of the process measures had two indicators that suggested that aggregating to the clinic level was appropriate. Relatively little psychometric research has been performed on Implementation Process measures.
LIMITATIONS
Our study is limited by its cross-sectional nature which negates our ability to model associations among constructs over time, even though implementation is a process that unfolds over time. For example, associations may vary in strength depending on whether an EBA has been recently adopted or whether it is fully implemented and successfully sustained. Our study was challenged by the selection of a category of EBAs rather than one single EBA. This was a purposeful decision as a FQHC could be considered as engaging in best practice with any of the EBAs. While the majority of respondents referenced provider prompts (a common EBA), pooling responses across a range of EBAs assumes the CFIR constructs operate similarly across a range of EBAs. This is a reasonable assumption, but not yet proven.
We also had varying numbers of respondents per clinic, with seven clinics represented by only one respondent for the Staff Survey. Thus, some of our clinic-level measures were from aggregated responses in some clinics and from single respondents in other clinics. Unit of analysis added another layer of complexity, with individuals within clinics, and clinics within FQHCs. Some of the CPCRNs recruited just one clinic per FQHC, while others recruited multiple clinics per FQHC. Lastly, we chose to present correlations at the clinic level as implementation occurs at that level for the majority of the EBAs we were interested in (i.e., provider reminders, structural barriers, client reminders). However, more nuanced and multilevel analyses that allow constructs to be assessed at different levels would more accurately model reality.
CONCLUSION
The most effective implementation efforts are likely those that acknowledge the complexity of implementation and address multiple domains. For example, a review by Williams et al. which used CFIR to identify domains addressed by programs achieving high rates of alcohol screening and/or brief intervention found that focusing implementation strategies on the Inner Setting, Outer Setting, and Process Of Implementation domains was associated with greatest implementation outcomes (Williams et al. 2011) . Measurement studies such as the one presented here and future studies to more closely examine not only the relationship between constructs but also their relative influence on implementation outcomes are necessary to more fully understand predictors of implementation and identify targets, strategies, and associated causal mechanisms to improve implementation (Kirk et al. 2016) . While initial validation results from our study are promising, additional work is needed. A logical next step is to test for predictive validity by assessing whether the CFIR constructs are associated with implementation of an EBA for promoting colorectal cancer screening. This type of research, focused within the cancer screening context and other contexts, will aid in identifying a smaller set of influential constructs. Cross-validation studies are also needed to confirm the factor structures we observed and to assess psychometric properties of the measures in a range of samples, settings, and EBA contexts. This may eventually lead to more parsimonious measures with greater utility for use in busy clinical settings. Additionally, studies using path analysis to test relationships between constructs are warranted for theoretical advancement of CFIR and similar theories and models. Our study makes an important contribution to this line of future research as one of the first to develop quantitative tools that assess constructs across CFIR domains and providing initial validation of the measures, as well as identifying challenges in operationalizing a comprehensive implementation model. Future work will identify which constructs are most commonly associated with implementation and identify intervention targets for improving implementation within the context of FQHCs and cancer control, and beyond.
